The body of information available on the relationship of postnuptial molt to reproductive functions indicates that, in general, these events are separated in time in birds that have altricial young. This is true of those that live in the tropics as well as the temperate zone, regardless of whether they are migratory or nonmigratory (Miller 1961(Miller , 1963 In early July of 1969 and 1970, a group of adults was placed in captivity until late September. They were held two per cage in 30 x 21 x 20 cm cages in a 4.5 x 4.5 m tent with mesh windows or doorways on all sides. Thus, they were exposed to natural oscillations of temperature and photoperiod.
Also, in the wild population molt began slightly earlier in males each year than in females. We are convinced that this difference is meaningful and that it is due to a temporal separation of two natural events that evidently are energetically incompatible: molt and the feeding of young. This becomes clear when one compares the onset of molt in known pairs. In the course of the study, we were able to determine the day when postnuptial molt began for both members of nine pairs. We do not know precisely the relationship between the termination of feeding young and the onset of molt in these pairs, but we do know that molt began in males an average of 19.5 I+ 9.1 days after their broods had hatched. In females, the interval was 27.6 -C 8.9 days. Thus, molt began an average of 8.1 days earlier in the males than in females. The delay between hatching of young and the onset of molt corresponds closely to the interval that we have observed the young being fed by color-banded adults (Morton et al. 1972). We have, however, observed several times adults in the first stages of molt still feeding fledglings. The most extreme case was a female feeding young 14 days of age when her molt began. It has been reported in another high altitude breeder, the Water Pipit (Anthus spinoletta), that the male begins molting 2 weeks ahead of the female and while they are still feeding nestlings (Verbeek 1970).
In captive birds, molt began at about the same time as in wild birds, but males did not necessarily molt ahead of females (table 1) . This is understandable since these birds were not engaged in reproductive activities. Flight feathers. The onset of postnuptial molt was signaled in every case by the loss of the first primary (Pr). In 38.7% of the cases P, was dropped on the same day as Pr, and in 3.2% of the cases Pr-P, were dropped together. The loss of primaries proceeded regularly from P, to P!,, but it did not proceed uniformly over time ( fig. 1) . Following the loss of Pr, Pzm4 were dropped at an average interval of 1.5 days between feathers. The interval for PB_7 was 4.8 days, and for P,_, it was 1.9 days. This pattern whereby the central primaries are lost at a slower rate than the terminal ones was observed in 2. Body feathers. feathers began in our knowledge, on growth for an average of The replacement of body most birds, to the best of the day PI was dropped or very shortly thereafter. We usually detected it first in the cervical region of the spinal tract. In most cases, body feathers continued to grow for a few days beyond the end of flightfeather growth. Thus, the duration of bodyfeather replacement delimits the total duration of postnuptial molt.
A numerical estimate of the intensity of body-feather molt in relation to the course of flight-feather molt can be seen at the top of figure 1. The numerical rating was derived from subjective estimates of no, light, medium, or heavy body molt being given scores There is considerable difference in the sequence and duration of flight-feather molt in the two races of migratory Zonotrichia leucophrys that have now been studied on their breeding grounds. In Z. 1. gambelii, each group of flight feathers is in growth for a shorter period than in 2. 1. oriantha (table 2). The growth of body feathers, however, occurs for about the same length of time.
It should be mentioned that Z. 1. oriantha is slightly larger than Z. 1. gambelii. This is evident in museum skins measured by Banks (1964), by our measurements of winglength (table 3) Males lost weight for a short time after the chicks hatched but then began gaining. A general upward trend in body weight occurred throughout the period of molt. Females lost body weight right up to the time they began molting, then they too showed a tendency to gain weight during molt. Our observations indicate that the attentiveness of males is limited mostly to the nestlings, a period of about 10 days, whereas females continue to feed chicks for 2-3 weeks after they have fledged. Thus, the energy demands of rearing young and the unequal roles played by the adults in this process have discernible effects on body weights and the timing of postnuptial molt.
At the end of molt an additional, very rapid increase in weight occurred in both sexes. This was a final phase of metabolic preparation for migration that was terminated when these birds, now fat, left the breeding grounds.
An interesting comparison can be made of the energetic strategies employed by two migratory races of Zonotrichia leucophrys. Despite the variation in duration of molt in the various groups of flight feathers (table 2), the rate at which remex molt is accomplished is very regular and, as near as we can determine, nearly identical in both races. Therefore, we have constructed a curve that depicts accurately the chronology of remex molt for both 2. 1. oriantha and 2. 1. gambelii ( fig. 3) . In relation to this common denominator, we have shown the seasonal change in body weights as obtained from captive males.
There was a slight oscillation in body weight in 2. 1. gambelii during the first weeks of molt. Weights were then stable until the end of molt at which time they began to increase rapidly as the birds deposited fat. The ether-extractable lipids of these birds at the end of the experiment amounted to 21.3% of total body weight (King et al. 1965 ). In contrast, 2. 1. oriantha gained weight steadily throughout the period of molt. They showed also a phase of rapid gain that began as molt ended. The total ether-extractable lipids of these birds at the end amounted to 26.7% of body weight.
Others have documented slight increases in body weight during molt that have been attributed to an increase in lean dry weight, fat, or water content ( The maximum increase detected was about 15%. The increase seen in 2. 1. oriantha was about 23% and we are confident that it was due mostly to fat accumulation. This contention is supported by our observations of visible fat stores in these birds.
Very probably the final, rapid phase of fattening in both groups shown in figure 3 was the result of an increase in food consumption. In the case of 2. 1. oriantha, however, hyperphagia obviously began early in the period of molt. Did their final increase in rate of weight gain represent an additional increase in appetite or was it due to a shift in energy from feather growth to fat accumulation?
The energetic cost of molt has been determined for many species but in all examples that we can find, molt occurs at a more leisurely pace than in 2. 1. oriantha. In the House Sparrow ( Postnuptial molt takes about twice as long in P. domesticus as it does in 2. 1. oriantha, but these birds are about the same body size. If we assume that the total cost of feather replacement is the same for both species then, during molt, 2. 1. oriantha divert about 3.5 Kcal/day toward feather growth. Following the completion of molt, their increase in rate of weight gain was about 0.55 g/day. Thus, stored reserves were increased by 4.7 Kcal/ day if one assumes that 90% of the weight increase was fat (McGreal and Farner 1956) and that the heat of combustion of fat is 9.45 Kcal/g (Brody 1945:35). It seems probable that a further increase in food intake occurs in 2. 1. oriantha at the end of molt.
This amount of fattening during postnuptial molt is unusual and may be both permitted and necessary in birds breeding at high altitudes. We suggest that the response is permitted by an abundant food supply present in this environment during the summer. It may be necessary because fat accumulated well in advance of normal migration would allow vertical movements to milder conditions at lower altitudes in the advent of early autumnal storms. More information is needed, however, before we can generalize with confidence about the patterns of adaptation in high-altitude breeders. Due to fat accumulation., body weight increased by about 25% between the end of reproduction and migration. Fattening and molt were compatible energetically in that about half of the total weight gain occurred during the period of molt and half immediately following the completion of molt.
SUMMARY
Compared to a previously studied migratory conspecific, 2. 1. gambelii, feather growth proceeded more slowly in 2. 1. oriantha in the major categories of flight feathers, but the total duration of postnuptial molt was the same. Different metabolic preparations for autumnal migration are employed by these races in that 2. 1. gambelii fattens after molt is completed and 2. 1. oriantha fattens both during and after molt.
